A comprehensive epidemiological information System (EpiMAN-FMD) has been developed to assist national disease control authorities contain and eradicate outbreaks of animal diseases as efficiently and cost-effectively as possible. The System was initially developed to control an incursion of foot and mouth disease (FMD) or any clinically indistinguishable vesicular disease, although it has since been progressively expanded to manage other exotic and endemic diseases. Design objectives for the information management elements of EpiMAN-FMD included the following: -the need to manage the vast quantities of data that eradication procedures for an FMD epidemic would generate within a very short time -the ability to innovatively apply epidemiological understanding of disease spread to the data processing tasks -the reduction of some of the foreseen processing bottlenecks -the provision of decision support tools for data entry personnel. Design objectives for the veterinary management elements of the system included the following: -the presentation of up-to-date status reports in formats that facilitate decision-making at the national or regional level -the ability to optimise manpower resource allocation -the capacity to evaluate the relative merits of alternative technical decisions, each of which carry different implicit risks. The system combines a multi-user database management system, expert system elements, various computer simulation models of specific aspects of FMD epidemiology and a range of statistical analyses designed to monitor the state of the epidemic. Although designed in New Zealand, EpiMAN-FMD has been constructed in a flexible style which makes adoption of the system possible in other countries with broadly similar 'stamping-out' contingency plans.
Introduction key features that contribute to this high transmissibility include the following:
-the ability to infect animais through multiple routes Foot and mouth disease (FMD) is an acute, highly communicable disease which affects both domesticated and wild cloven-hooved animals and may well be the most contagious disease known in the animal kingdom (23) . The (16, 17) .
In the face of a large epidemic, a typical 'stamping-out' programme, which involves rapid élimination of all virus sources, surveillance of at-risk properties and stringent movement control, would place severe demands on the resources of any national disease control authority. Clearly, a décision-support system (DSS) which facilitated the management of data relating to control and eradication procédures, and provided timely and epidemiologically sound information and guidance to personnel involved in an eradication programme would be an extremely valuable tool.
Such a system could restrict the size and length of the epidemic, resulting in lower overall costs of eradication, and permit an earlier resumption of trade.
Décision-support Systems are interactive computer-based Systems that help decision makers to utilise data and models to solve relatively unstructured problems (29) . The purpose of the DSS is to provide a set of tools to help interpret data and evaluate disease control choices. The DSS should provide decision makers with an appreciation of the risks implicit in particular decisions, and the factors that can be varied to modify those risks. The objectives during the design and development of EpiMAN-FMD were to create a system which could meet these requirements and offer the flexibility to adapt to changing requirements in the future. This paper presents an overview of EpiMAN-FMD and describes in particular the epidemiological aspects of the system.
Overview of control procedures supported by EpiMAN-FMD
EpiMAN-FMD is primarily designed for use in countries or regions where FMD is exotic, and where stamping-out procedures would be employed to eradicate the disease in the event of an outbreak. Animal health authorities in many of thèse countries have detailed contingency plans, backed up by appropriate legislation, that will be activated on diagnosis of an outbreak.
Typically, the components of these programmes include a number of key operational tasks, such as slaughter and disposai of all susceptible livestock on the infected premises (IP), followed by thorough cleaning and disinfection, urgent investigation of all properties directly or indirectly associated with IP, followed by active surveillance or pre-emptive slaughter on those livestock units judged to be at risk of FMD, coupled with stringent movement restrictions in various geographically defined areas around the epidemic foci. In addition to these measures, ring or mass vaccination may be employed to reduce the rate of dissemination into the surrounding population.
In New Zealand, the eradication procedures would be conducted from the Exotic Disease Response Centre (EDRC) which is part of the National Centre for Disease Investigations at Wallaceville. This is a purpose-built facility close to the Ministry of Agriculture and Forestry Head Office. In addition, one or more resource nodes (RN) will be established in the outbreak zone(s). Overall management of the epidemic will take place at the EDRC in consultation with the Chief Veterinary Officer (CVO), with field activities conducted from the RNs.
For management reasons, the various operational activities, such as rostering of patrol veterinarians, movement tracing, etc., have been assigned to a number of discrete functional groupings within the EDRC (Table I) . EpiMAN-FMD supports the EDRC structure by allocating the various data processing tasks to the EDRC groups in a modular fashion. This modular design is flexible, however, so that alternative operational group structures can be defined, should another country with a different management structure wish to use the System.
Structure of EpiMAN-FMD
The structure of EpiMAN-FMD is shown in Figure 1 . The core of the system is the EpiMAN-FMD database, which comprises a client-server database management system which contains all the records of the outbreak and emergency response, and the knowledge base which encodes current knowledge of the epidemiology of FMD in a series of simulation models and expert Systems to provide the expertise for enhanced decision-making. Users interact with the system via a graphical user-interface ('window'), which varies according to the category of user, as outlined in Table I . The 'epidemiologist's workbench' is the part of the system that allows the epidemiologist(s) to conduct a range of epidemiological and statistical analyses and make predictions of the epidemic using various simulation models. The entire system is constructed so that only widely available computers, operating Systems, and software are used, with flexibility to shift processing loads between components of the system according to local circumstances and changing technology. All of the specialised features of this very powerful System are constructed within the EpiMAN-FMD system using industry-standard widely used software development tools, rather than specialised tools such as commercial GIS software. This means that the system can readily be adapted to the specific requirements of the user-organisation.
Epidemiological components
Some of the specialised epidemic components contained within EpiMAN-FMD are described below.
On-farm virus production model
When a new IP is discovered, it is important to evaluate 
Expert system elements
Tracing of movements that have occurred from and to infected farms prior to diagnosis has always been recognised as an extremely important yet personnel-intensive task. In the last major suspected vesicular disease outbreak in pigs in New
Zealand, at Temuka in 1981, some fifty direct movements had 
Epidemiological reports
In addition to the components outlined above, EpiMAN-FMD can produce a series of specialised epidemiological reports which are designed to provide insight into the epidemic and the effectiveness of the control measures.
One of the tasks for the epidemiologist during an outbreak of 
Computer system
EpiMAN-FMD has been designed to handle small epidemics using a single stand-alone personal computer (PC), as well as large epidemics involving hundreds of control staff, each having their own PC connected to a powerful database server.
The scale of the operational structure would be dependent on needs (Fig. 5) . The EpiMAN system can be transported to remote sites and installed in a matter of hours, or configured Finally, the disease behaves differently in different climates, and caution is needed in extrapolating findings in one country to another which is ecologically different. For these reasons, a comprehensive system such as EpiMAN-FMD, which records data on cases and at-risk properties in the outbreak zone, has the potential to yield much valuable knowledge that will benefit disease control in the future.
Vérification and validation of the system are crucial processes for disease control managers who wish to gain confidence in the use of a system such as EpiMAN-FMD. It is envisaged that validation will be an on-going task incorporating two aspects.
The first aspect relates to the design philosophy. The system is undergoing periodic field trials of simulated outbreaks in New
Zealand and in addition, a range of EpiMAN-based DSSs for other disease problems are under development (18, 30 
Conclusion
The EpiMAN-FMD system provides a model for animal EpiMAN-FMD) . Aunque concebido inicialmente para luchar contra la penetración de la fiebre aftosa o de cualquier otra enfermedad vesicular clînicamente indiferenciable, el sistema se ha visto desde entonces progresivamente ampliado para cubrir la gestion de otras enfermedades exôticas o endémicas. En la concepción de sus elementos de gestion de la informaciôn, se consideró que EpiMAN-FMD debía cumplir los siguientes objetivos: -gestionar con rapidez la enorme cantidad de datos que podrían generar los procedimientos de erradicaciôn de una epidemia de fiebre aftosa; -ser capaz de incorporar al proceso de tratamiento de datos los nuevos conocimientos epidemiolôgicos sobre el modo de propagación de la enfermedad; -reducir algunos de los puntos de estrangulamiento previsibles en el tratamiento de la información; -proporcionar herramientas de ayuda a la decisión al personal responsable de introducir los datos. En cuanto a los elementos de gestión veterinaria del sistema, su concepción debîa satisfacer los siguientes requerimientos: -elaborar partes actualizados con un formato de presentaciôn que facilitara la adopciôn de decisiones de alcance nacional o regional; -optimizar la asignaciôn de personal a las diversas tareas y evaluar las ventajas relativas de distintas alternativas técnicas, cada una de las cuales conlleva una série de riesgos implícitos. EpiMAN-FMD combina un sistema de gestion de bases de datos para diversos usuarios, elementos de sistema experto, varios modelos para simular informâticamente determinados aspectos de la epidemiologia de la fiebre aftosa y un repertorio de análisis estadísticos concebidos para seguir la evoluciôn del proceso epidémico. Aunque elaborado en Nueva Zelanda, la concepción de EpiMAN-FMD es lo bastante flexible como para permitir su aplicaciôn en otros paîses con planes de emergencia similares, que exijan procedimientos de sacrificio sanitario total.
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